Graph showing magnetic declination recorded at the Tucson (Arizona)
Magnetic Observatory since 1910 1 2. Map showing the three regions for which 1985.0 models were derived, regions shown on U.S. magnetic charts, and locations of the magnetic observatories, repeat stations, and fill-in values used to derive the secularvariation models 3 3-11. Maps showing locations of measurements and model values ( fig. 11) 
INTRODUCTION
We developed a set of five new models of the magnetic field in the United States that describe the direction and intensity of the field at 1985.0 (that is, the beginning of 1985) and the annual change expected during the next few years. They form the basis of a new set of magnetic charts (Peddie and Zunde, 1988a, b, c, d, e) that replace those of Fabiano and Jones (1976) , Peddie and others (1976) , Jones and Fabiano (1976) , and Fabiano and Peddie (1980, 1981) . Three of the models describe the 1985.0 field in the conterminous ( 48) States, Alaska, and Hawaii-the three regions shown in separate plates on the charts. The other two models describe annual change-one for the conterminous States and Alaska and the other for Hawaii. This report describes the development of the models and includes the model coefficients and simplified small-scale charts.
Revision of magnetic models and charts is necessary because the geomagnetic field undergoes continual change, called secular variation, that is commonly irregular and not yet predictable. The 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 Year Figure figure 1 and illustrates the irregularity of the secular variation. New magnetic charts for the United States have been issued since the mid-1800's, normally at intervals of 5 or 10 years. Production of associated mathematical models began in 1965. Deel and Howe (1948) and Svendsen (1962) have given brief histories of the U.S. magnetic charts. The development of the 1975 models was described by Fabiano and others (1979) , and the 1980 total-intensity (F) models by Fabiano and others (1987) . The new models were derived by ordinary spherical harmonic analysis (SHA), a method commonly used for modeling the global field. They represent the scalar magnetic potential as a series of 3-dimensional spherical harmonics, from which the field components are derived by differentiation. The earlier U.S. models were derived by polynomial analysis and represented the field elements themselves as polynomial functions of latitude and longitude.
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The new method has some advantages over the older one. For example, now all the field elements are represented by one set of coefficients and the elements are mutually consistent. The model field now varies with elevation in a way that is consistent with observation and theory, and, like the real field, it is curl-free. The new models are compatible with widely available programs used for generating field values from global spherical harmonic models, such as those of the International Geomagnetic Reference Field (IGRF).
Before deciding to use SHA we considered two other methods: magnetic dipole analysis and spherical cap harmonic analysis (Haines, 1985) . We tested the former method by fitting grids of dipoles, with unconstrained magnetic moment, to the Hawaii data using a nonlinear least-squares technique. We found that the fit did not match that achievable with SHA (using a comparable number of coefficients) and that it improved as the depth of the dipoles was increased, (thus making the set of dipoles more like the multipoles of SHA). The latter method, as presently implemented, could not be applied iteratively and thus would not have allowed us to utilize the many D-and F-only measurements, and, as it requires removal and later addition of a global field, it seemed less efficient than ordinary SHA (L.R. Alldredge, oral commun., 1986) .
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MODELS
The three models of the field at 1985.0 were derived from data selected from the three regions whose boundaries are given in table 1 and indicated by the heavier lines in figure 2 (the lighter lines indicate the regions actually shown on the charts). Data were taken from the following sets (figs. 3-11, which relate to these sets, follow "References Cited"): Magnetic field sUJvey data (National Geophysical Data Center, 1984, p. 8 (National Geophysical Data Center, 1984, p. 10 ).-The survey comprised 44 north-south and 7 east -west lines flown at an altitude of 600 meters over flat land and 1220 meters over mountainous areas (see fig. 8 ).
Field vector measurements from 1980 -1983 (National Geophysical Data Center, 1984, p. 10 ).-Although these were not intended primarily as surveys of the United States, they did produce some measurements in the chart regions (see fig. 9 ).
X, Y, and Z aeromagnetic data for Canada (L.R. Newitt, unpub. data).-These data were especially useful for promoting agreement with the charts of Canada (see fig. 10 ).
Magnetic obselVatory and repeat station values for 1985.0.-These values were derived by linear extrapolation of recent observatory annual means and repeat station measurements (see fig. 2 ).
The great number of original Project MAGNET measurements was reduced by retaining only every 50th intensity measurement and every 25th vector measurement. Of these we used only those taken when Kp (a geomagnetic disturbance index) was less than 3. To fill gaps in the coverage we included values computed from the International Geomagnetic Reference Field (IGRF) 1985 main-field model (International Association of Geomagnetism and Aeronomy, Division I, Working Group 1, 1986), a global model based mainly on data from the MAG SAT satellite survey of 1979 -1980 (Langel and others, 1982 . These were computed for a grid of points at 500-kilometer altitude and spaced one degree in latitude and longitude (see fig. 11 ).
The data were analyzed using the method of iterative SHA (for example, Cain and others, 1965) . The resulting overall root-mean-square residuals, for maximum degree and order (n *) ranging from 1 to 5 for the conterminous States and Alaska and from 1 to 3 for
. : Hawaii, are shown in table 2. For the chart compilation we chose the models for the conterminous States and Alaska of n * = 4 (24 coefficients each) and for Hawaii of n* = 2 (8 coefficients) because they are the simplest of the models that adequately represent the data. 
SECULAR-VARIATION MODELS
The two secular-variation models were derived by the same method. The model for the conterminous States and Alaska was derived from estimates of the rates of change of the X, Y, and Z components at 30 magnetic observatories and 50 repeat stations and, for six locations far from the observatories and repeat stations, fill-in values computed from global secular-variation model USGS85S (Peddie and Zunde, 1987) (see fig. 2 ). The estimates were taken as the slopes of straight lines fitted by least-squares to recent data. We used the latest four or five observatory annual means, mostly for years from 1981 to 1985, and the latest two or three sets of repeatstation measurements. Because observatory-based rates are more accurate, we gave them triple weight. The model for Hawaii was derived from grid values computed from this model along with rates estimates for the Honolulu observatory. The data used to derive the secular-variation models are given in the appendix.
COEFFICIENTS
The coefficients of the five models, in the Schmidt quasi-normalized form (Chapman and Bartels, 1940) and referring to a sphere of radius 6371.2 km, are listed in table 3. The models are not considered valid for points outside the regions specified in table 1. They can be used with programs that synthesize field values from global spherical harmonic models, such as those of the IGRF. A suitable program can be obtained from the National Geophysical Data Center, NOAA, Code E/GC4/FLI, 325 Broadway, Boulder, CO 80303.
CHARTS AND "GEOMAG"
The five new charts based on these models depict the declination, inclination (I), horizontal intensity (H), vertical intensity, and total intensity and their expected rates of change (Peddie and Zunde, 1988a, b, c, d, e) . The :.
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Technical Books and Reports
Professional Papers are mainly comprehensive scientific reports of wide and lasting interest and importance to professional scientists and engineers. Included are reports on the results of resource studies and of topographic, hydrologic, and geologic investigations. They also include collections of related papers addressing different aspects of a single scientific topic.
Bulletins contain significant data and interpretations that are of lasting scientific interest but are generally more limited in scope or geographic coverage than Professional Papers. They include the results of resource studies and of geologic and topographic investigations; as well as collections of short papers related to a specific topic.
Water-Supply Papers are comprehensive reports that present significant interpretive results of hydrologic investigations of wide interest to professional geologists, hydrologists, and engineers. The series covers investigations in all phases of hydrology, including hydrogeology, availability of water, quality of water, and use of water.
Cil'culars present admin:istrative information or important scientific information of wide popular interest in a format designed for distribution at no cost to the public. Information is usually of short-term interest.
Water-Resources Investigations Reports are papers of an interpretive nature made available to the public outside the formal USGS publications series. Copies are reproduced on request unlike formal USGS publications, and they are also available for public inspection at depositories indicated in USGS catalogs.
Open-Flle Reports include unpublished manuscript reports, maps, and other material that are made available for public consultation at depositories. They are a nonpermanent form of publication that may be cited in other publications as sources of information.
Maps
Geologic Quadrangle Ma'ps are multicolor geologic maps on topographic bases in 7 1/2-or 15-minute quadrangle formats (scales mainly 1:24,000 or 1 :62,500) showing bedrock. surficial, or engineering geology. Maps generally include brief texts; some maps include structure and columnar sections only.
Geophysical Investigations Maps are on topographic or planimetric bases at various scales; they show results of surveys using geophysical techniques, such as gravity, magnetic, seismic, or radioactivity, which reflect subsurface structures that are of economic or geologic significance. Many maps include correlations with the geology.
Miscellaneous Investigations Series Maps are on planimetric or topographic bases of regular and irregular areas at various scales; they present a wide variety of format and subject matter. The series also includes 7 1(2-minute quadrangle photo geologic maps on planimetric bases which show geology as interpreted from aerial photographs. Series also includes maps of Mars and the Moon.
Coal Investigations Maps are geologic maps on topographic or planimetric bases at various scales showing bedrock or surficial geology, stratigraphy, and structural relations in certain coal-resource areas.
Oil and Gas Investigations Charts show stratigraphic information for certain oil and gas fields and other areas having petroleum potential.
Miscellaneous Field Studies Maps are multicolor or black-andwhite maps on topographic or planimetric bases on quadrangle or irregular areas at various scales. Pre-1971 maps show bedrock geology in relation to specific mining or mineral-deposit problems; post-1971 maps are primarily black-and-white maps on various subjects such as environmental studies or wilderness mineral investigations.
Hydrologic Investigations Atlases are multicolored or black-andwhite maps on topographic or planimetric bases presenting a wide range of geohydrologic data of both regular and irregular areas; principal scale is 1:24,000 and regional studies are at 1:250,000 scale or smaller.
Catalogs
Permanent catalogs, as well as some others, giving comprehensive listings of U.S. Geological Survey publications are available under the conditions indicated below from the U.S. Geological Survey, Books and Open-File Reports Section, Federal Center, Box 25425, Denver, CO 80225. (See latest Price and Availability List) "Publications of the Geological Survey, 1879-1961" may be purchased by mail and over the counter in paperback book form and as a set of microfiche.
"Publications of the Geological Survey, 1962-1970" may be purchased by mail and over the counter in paperback book form and as a set of microfiche.
"Publications of the U.S. Geological Survey, 1971-1981" may be purchased by mail and over the counter in paperback book form (two volumes, publications listing and index) and as a set of microfiche. Supplementsfor 1982 Supplementsfor ,1983 Supplementsfor , 1984 Supplementsfor ,1985 Supplementsfor ,1986 , and for subsequent years since the last permanent catalog may be purchased by mail and over the counter in paperback book form.
State catalogs, "List of U.S. Geological Survey Geologic and Water-Supply Reports and Maps For (State)," may be purchased by mail and over the counter in paperback booklet form only "Price and A vallability List of U.S. Geological Survey Publications," issued armually, is available free of charge in paperback booklet form only.
Selected copies of a monthly catalog "New Publications of the U.S. Geological Survey" available free of charge by mail or may be obtained over the counter in paperback booklet form only. Those wishing a free subscription to the monthly catalog "New Publications of the U.S. Geological Survey" should write to the U.S. Geological Survey, 582 National Center, Reston, VA 22092.
Note.--Prices of Government publications listed in older catalogs, armouncements, and publications may be incorrect. Therefore, the prices charged may differ from the prices in catalogs, announcements, and publications.
